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and YONSON KU 
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Graduate School of Medicine, 7-5-1 Kusunoki-cho, Chuo-ku, Kobe, 650-0017, Japan 
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ABSTRACT 
BACKGROUND: The study aim was to determine the short- and long-term results 
of surgical drainage procedure for chronic pancreatitis at a single center in Japan. 
METHODS: The records of 28 consecutive patients were retrospectively reviewed. 
All patients underwent surgery at Kobe University Hospital between June 1999 
and April 2013. Long-term follow-up was performed in all patients for a median 
period of 77 months. 
RESULTS: The 26 men (93%) and 2 women (7%) had a mean age of 47 years. The 
etiology of pancreatitis was chronic alcohol abuse in 24 patients (86%). The major 
indication for surgery was persistent symptoms (97%). Modified Frey’s procedure 
in 21 patients, lateral pancreaticojejunostomy (LPJ) in 6 patients, LPJ and distal 
pancreatectomy in one patient, were performed. There was no postoperative 
mortality. Postoperative morbidity occurred in 6 patients (21%). The percentage 
of pain-free patients after surgery was 97%, and further acute exacerbation was 
prevented in 97%. Two patients (6%) required subsequent surgery for infectious 
pancreatic cyst and intraabdominal abscess. Of the patients that completed 
follow-up, 13 (46%) had diabetes mellitus, including 5 patients (19%) with 
new-onset diabetes, and 6 patients (19%) developed pancreatic exocrine 
insufficiency. 
 2 
CONCLUSIONS: Modified Frey’s procedure is safe, feasible, and effective to 
manage chronic pancreatitis. The technique prevents further exacerbations and 
maintains appropriate pancreatic endocrine and exocrine function. 
 
 ABBREVIATION  
CP, chronic pancreatitis; CT, computed tomography;mFrey, modified Frey’s 
procedure; LPJ, lateral pancreaticojejunostomy; US, ultrasonography  
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performed (modified Frey’s procedure). The original Frey’s procedure involved coring 
out the anterior and posterior parenchyma of the main pancreatic duct. This procedure 
emphasized resection of the parenchyma as much as possible: some surgeons even 
resected the parenchyma posterior to the main pancreatic duct. 
However, we focused on the decompression effect achieved by opening the anterior 
surface of the main pancreatic duct with minimal parenchyma resection, to preserve the 
parenchyma as much as possible and avoid injury to the common bile duct or portal 
vein. When coring out of pancreatic head was difficult for technical reasons, LPJ was 
performed. The Roux-en-Y limb was then constructed. The Roux limb was opened 
longitudinally at the anti-mesenteric side, matching the length of the opened main 
pancreatic duct. Longitudinal side-to-side pancreaticojejunostomy was performed. The 
anastomosis was begun at the tail of the pancreas and consisted of two layers of suture, 
first applied to the inferior side from tail to head, then repeated on the superior side. A 
closed silicone drain was placed superiorly, along the pancreaticojejunostomy to the 
splenic hilum. 
Definitions 
Postoperative mortality included all deaths occurring during the current 
hospitalization or within 30 days of surgery. Major and minor postoperative 
 7 
complications were classified according to the Clavien-Dindo classification of surgical 
complications [14]. Pancreatic fistulae were defined and classified according to the 
criteria of the International Study Group on Pancreatic Fistula (ISGPF) [15]. All 
patients were seen every 3 to 6 months after surgery. Patients underwent clinical and 
laboratory evaluation at each visit, and the following characteristics were recorded: pain, 
analgesic treatment, pancreatic enzyme substitution, endocrine status, body weight, 
digestion status, episodes of acute pancreatitis, and hospital readmissions. Diabetes 
mellitus was defined as a fasting blood glucose > 126 mg/dL and serum glycosylated 
hemoglobin A1c (HbA1c) level > 6.5% [16]. Pancreatic exocrine insufficiency was 
defined as the presence of steatorrhea [17]. 
RESULTS 
The clinical characteristics of patients undergoing LPJ are shown in Table 1. A 
total of 26 men (93%) and 2 women (7%) were evaluated; their median age was 47 
years (range, 16–73 years). The etiology of chronic pancreatitis was related to chronic 
alcohol use in 24 patients (86%). A stone in the pancreatic duct or a parenchyma 
calcification was identified in 26 patients (93%). Median diameter of the pancreas head 
was 2.4 cm (1.8－3.5 cm). Mean diameter of the main pancreatic duct was 9.3 mm. 
Persistent daily abdominal pain was present in 15 patients (54%) requiring the regular 
 8 
use of analgesic medication. Severe abdominal pain due to recurrent exacerbation was 
present in 18 patients (64%). Preoperative complications were observed in 17 patients 
(61%): pancreatic pseudocyst in 12 (43%); common bile duct stenosis in 3 (11%); 
Splenic vein thrombosis 2 (7%). Diabetes mellitus was present in 8 patients (28%). A 
total of 28 surgeries were performed with modified Frey’s procedure in 21 (75%) 
patients and LPJ in 6 (21%) patients. The additional procedures performed included one 
(4%) LPJ with distal pancreatectomy (Table 2). The early postoperative outcomes are 
listed in Table 3. The median operative time was 355 minutes. The median 
intraoperative blood loss was 662 ml. There was no mortality. Postoperative 
complications of Clavien-Dindo grade III or higher occurred in 6 patients (21%). ISGPF 
grade A or B postoperative pancreatic fistula was not found, but grade C postoperative 
pancreatic fistula was occurred in one patient who required surgical drainage. 
Gastrointestinal hemorrhage occurred in two patients (7%). Both patients required 
endovascular intervention. In one case, the patient had bleeding from drain and 
underwent emergent angiography on postoperative day 8. Angiography revealed 
bleeding from the posterior superior pancreaticoduodenal artery (PSPDA). This was 
successfully treated using transcatheter arterial embolization of the PSPDA. The other 
patient underwent angiography on postoperative day 9 due to melena. The patient was 
 9 
found to have bleeding from the gastroduodenal artery (GDA) and was treated with 
endovascular coil embolization of the GDA. One patients required relaparotomy to 
resolve postoperative bile leakage on postoperative day 1. The median postoperative 
hospital stay was 20 days. All patients were completed 6 months or more of follow-up. 
The median follow-up period in these 28 patients was 77 months (range, 6–182 months), 
and their long-term results are listed in Table 4. Only one patient (3%) required the 
regular use of analgesic medication because of sustained abdominal pain. Twenty-seven 
patients were judged to be pain-free at the time of their final follow-up visit, yielding a 
long-term pain relief rate of 97%. Five patients (19%) were readmitted to the hospital 
during the follow-up period. Two patients (6%) had infectious pancreatic cyst. 
Intra-abdominal abscess, cholangitis, and gastric ulcer were occurred in one patient each. 
Of these five patients, 2 patients required reoperation. One patient who had 
intra-abdominal abscess underwent surgical drainage 5 years after the primary surgery. 
One patient underwent gastrocystostomy for new-onset infectious pancreatic cyst 4 
months after the primary surgery. Among the 24 patients with alcoholic CP, 9 patients 
(37%) could not stop drinking after the operation. Of the nine patients, 2 patients had 
diabetes mellitus, and another 2 patients had pancreatic exocrine insufficiency after the 
surgery. In 9 patients who could not stop drinking, 3 patients died (complication of 
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Americans and Germans. Therefore, modified Frey’s procedure or LPJ might be 
justified [10, 19].  
 For the short-term results, operative morbidity (Clavien-Dindo grade III or 
more) was 21 % without mortality in our study. Our results are in accordance with 
recent reports with operative mortality of less than 1% and morbidity ranging from 4% 
to 40% (averaging 20%) after surgical drainage [1, 8, 11-13, 17, 20-24]. The late arterial 
hemorrhage after several surgical drainage procedures for CP has been reported to 
range1.0% to 4.5%. In previous reports, patients with the late arterial hemorrhage 
required emergent reoperation to obtain permanent hemostasis [8, 13]. In our study, the 
late arterial hemorrhage occurred in two patients, they were successfully treated by 
emergent endovascular intervention. When multidetector-row CT with contrast is able 
to identify suspected arterial bleeding, endovascular intervention and transcatheter 
arterial embolization should be the first treatment of choice [25].   
In our study, the abdominal pain relief was achieved in 97% of the patients 
during long-term follow-up period. In a recent review by Nealon et al, surgical drainage 
procedures relieved abdominal pain relief in 86% of patients and prevented recurrent 
acute exacerbations in 91% [20]. Our results were comparable to other large series with 
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48 to 91% of pain relief [1, 9, 11-13, 17, 20, 21, 23]. We found that the long-term 
pancreatic endocrine and exocrine function after surgery were well maintained. The 
previous reports of surgical drainage procedures showed that the percentages of 
new-onset diabetes developed in 17 % to 34% during the follow-up period [1, 9, 11-13, 
17]. In our study, 19% of the patients developed new-onset diabetes, which is 
comparable to the rate of the previous reports, but only one patient (3%) developed 
new-onset insulin-dependent diabetes during the follow-up period. It is noted that no 
patients with diabetes mellitus preoperatively were improved diabetes mellitus 
postoperatively. Early surgical intervention might prevent the progression of endocrine 
insufficiency. In our study, 19% of the patients developed pancreatic exocrine 
insufficiency, which is less than the rate of previously reported several extended 
drainage procedures that varied from 60% to 80% [1, 11-13, 17]. It is thought that more 
pancreatic parenchyma could be preserved by modified Frey’s procedure or LPJ 
comparing to other extended drainage procedures. Other reason of this discrepancy may 
be due to the differences of pancreatic exocrine insufficiently definition.  
The short- and long-term results of modified Frey’s procedure and LPJ procedure were 
shown in Table 3 and 4. It is likely that there were no differences between the two 
procedures in short- and long-term results. In our study, LPJ procedure was performed 
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only when pancreatic head could not underwent coring out by technical reasons 
intraoperatively. In other words, in receiving LPJ patients, the diameter of the pancreas 
head was small. 
The limitation of our study was its retrospective nature with a moderate 
number of patients. However, to the best of our knowledge, this is the second report of 
short- and long- term results of surgical drainage including modified Frey’s procedure 
in Japan. Because the morphology of CP in Japan is different from other countries, 
based on our results, a prospective multicenter randomized trial will be needed in Japan 
to evaluate the efficacy of this procedure. 
In conclusion, modified Frey’s procedure is safe, feasible, and effective to 
manage CP. The technique prevents further exacerbations and maintains appropriate 
pancreatic endocrine and exocrine function. 
 
 
  
 15 
REFFERENCES 
1. Roch AM, Brachet D, Lermite E, Pessaux P, Arnaud JP. 2012 Frey procedure in 
patients with chronic pancreatitis: short and long-term outcome from a prospective 
study. J Gastrointest Surg 16:1362-1369. 
2. Tandan M, Nageshwar Reddy D. 2013 Endotherapy in chronic pancreatitis. World J 
Gastroenterol 19:6156-6164. 
3. Cahen DL, Gouma DJ, Nio Y, Rauws EA, Boermeester MA, Busch OR, Stoker J, 
Lameris JS, Dijkgraaf MG, Huibregtse K. 2007 Endoscopic versus surgical drainage 
of the pancreatic duct in chronic pancreatitis. N Engl J Med 356:676-684. 
4. Frey CF, Smith GJ.1987 Description and rationale of a new operation for chronic 
pancreatitis. Pancreas 2:701-707. 
5. Partington PF, Rochelle RE.1960 Modified Puestow procedure for retrograde 
drainage of the pancreatic duct. Ann Surg 152:1037-1043. 
6. Traverso LW, Longmire WP, Jr..1980 Preservation of the pylorus in 
pancreaticoduodenectomy a follow-up evaluation. Ann Surg 192:306-310. 
7. Beger HG, Krautzberger W, Bittner R, Buchler M, Limmer J.1985 
Duodenum-preserving resection of the head of the pancreas in patients with severe 
chronic pancreatitis. Surgery 97:467-473. 
8. Egawa S, Motoi F, Sakata N, Kitamura Y, Nakagawa K, Ohtsuka H, Hayashi H, 
Morikawa T, Omura N, Ottomo S.2010 Assessment of Frey procedures: Japanese 
experience. J Hepatobiliary Pancreat Sci 17:745-751. 
9. Sakata N, Egawa S, Motoi F, Goto M, Matsuno S, Katayose Y, Unno M.2009 How 
much of the pancreatic head should we resect in Frey's procedure?. Surg Today 
39:120-127. 
10. Isaji S. 2010 Has the Partington procedure for chronic pancreatitis become a thing of 
the past? A review of the evidence. J Hepatobiliary Pancreat Sci 17:763-769. 
11. Frey CF, Amikura K.1994 Local resection of the head of the pancreas combined with 
longitudinal pancreaticojejunostomy in the management of patients with chronic 
pancreatitis. Ann Surg 220:492-504; discussion 504-497. 
12. Beger HG, Schlosser W, Friess HM, Buchler MW.1999 Duodenum-preserving head 
resection in chronic pancreatitis changes the natural course of the disease: a 
single-center 26-year experience. Ann Surg 230:512-519; discussion 519-523. 
13. Muller MW, Friess H, Leitzbach S, Michalski CW, Berberat P, Ceyhan GO, Hinz U, 
Ho CK, Koninger J, Kleeff J. 2008 Perioperative and follow-up results after central 
pancreatic head resection (Berne technique) in a consecutive series of patients with 
chronic pancreatitis. Am J Surg 196:364-372. 
 16 
14. Dindo D, Demartines N, Clavien PA.2004 Classification of surgical complications: a 
new proposal with evaluation in a cohort of 6336 patients and results of a survey. 
Ann Surg 240:205-213. 
15. Bassi C, Dervenis C, Butturini G, Fingerhut A, Yeo C, Izbicki J, Neoptolemos J, Sarr 
M, Traverso W, Buchler M.2005 Postoperative pancreatic fistula: an international 
study group (ISGPF) definition. Surgery 138:8-13. 
16. Diagnosis and classification of diabetes mellitus. Diabetes care 2010, 33 Suppl 
1:S62-69. 
17. Keck T, Wellner UF, Riediger H, Adam U, Sick O, Hopt UT, Makowiec F.2010 
Long-term outcome after 92 duodenum-preserving pancreatic head resections for 
chronic pancreatitis: comparison of Beger and Frey procedures. J Gastrointest Surg 
14:549-556. 
18. Keck T, Marjanovic G, Fernandez-del Castillo C, Makowiec F, Schafer AO, 
Rodriguez JR, Razo O, Hopt UT, Warshaw AL. 2009 The inflammatory pancreatic 
head mass: significant differences in the anatomic pathology of German and 
American patients with chronic pancreatitis determine very different surgical 
strategies. Ann Surg 249:105-110. 
19. Sudo T, Murakami Y, Uemura K, Hashimoto Y, Kondo N, Nakagawa N, Sueda T. 
2013 Short- and long-term results of lateral pancreaticojejunostomy for chronic 
pancreatitis: a retrospective Japanese single-center study. J Hepatobiliary Pancreat Sci. 
20. Nealon WH, Matin S. 2001 Analysis of surgical success in preventing recurrent 
acute exacerbations in chronic pancreatitis. Ann Surg 233:793-800. 
21. Schnelldorfer T, Lewin DN, Adams DB. 2007 Operative management of chronic 
pancreatitis: longterm results in 372 patients. J Am Coll Surg 204:1039-1045; 
discussion 1045-1037. 
22. Chaudhary A, Negi SS, Masood S, Thombare M.2004 Complications after Frey's 
procedure for chronic pancreatitis. Am J Surg 188:277-281. 
23. Adams DB, Ford MC, Anderson MC.1994 Outcome after lateral 
pancreaticojejunostomy for chronic pancreatitis. Ann Surg 219: 481-487; discussion 
487-489. 
24. Sarles JC, Nacchiero M, Garani F, Salasc B. 1982 Surgical treatment of chronic 
pancreatitis. Report of 134 cases treated by resection or drainage. American journal 
of surgery 144: 317-321. 
25. Roulin D, Cerantola Y, Demartines N, Schafer M. 2011 Systematic review of delayed 
postoperative hemorrhage after pancreatic resection. J Gastrointest surg 15: 
1055-1062. 
 17 
Table 1. Characteristics of patients 
 
Patients details Number (%) 
Male, female 26, 2 
Age (years) 47 (16-73) 
Etiology  
   Alcoholic 24 (86%) 
   Idiopatic 3 (11%) 
   Pancreas divism 1 (3%) 
Pancreatic stone 26 (93%) 
Diameter of main pancreatic duct, mm, mean, SD  9.3±3.2 
Diameter of pancreatic head, cm, median (range) 2.4 (1.8-3.5) 
Chronic abdominal pain 15 (54%) 
Acute exacerbation 18 (64%) 
Preoperative complications 17 (61%) 
   Common bile duct stenosis 3 (11%) 
   Pancreatic pseudocyst 12 (43%) 
   Splenic vein thrombosis 2 (7%) 
Diabetes mellitus 8 (28%) 
   Insulin-dependent 7 (25%) 
   Oral antidiabetics 1 (3%) 
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Table 2. Surgical procedure 
 
 Number (%) 
Modified Frey’s procedure 21 (75%) 
LPJ 6 (21%) 
LPJ + distal pancreatectomy 1 (3%) 
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Table 3. Short-term results 
Periopetive details Number   
Procedure 
All 
(n=28) 
mFrey
a
 
(n=21) 
LPJ
b
 
(n=7) 
Operative time, min, median (range) 
355 
(240-611) 
380 
(240-611) 
341 
(284-543) 
Intraoperative blood loss, mL, median 
(range) 
662 
(20-2823) 
684 
(20-2823) 
544 
(235-1350) 
Intraoperative blood transfusion  4 (14%) 4 (19%) 0 
Mortality 0 0 0 
Morbidity    
   Clavien-Dindo grade Ⅲ and higher 
complication 
6 (21%) 5 (23%) 1 (13%) 
   Pancreatic fistula  1 (3%) 1 (4%) 0 
   Delayed gastric empty  1 (3%) 0 1 (13%) 
   Gastrointestinal hemorrhage 2 (7%) 2 (9%) 0 
   Biliary leakage 2 (7%) 2 (9%) 0 
   Intra-abdominal abscess 2 (7%) 1 (4%) 1 (13%) 
Relaparotomy 3 (11%) 2 (9%) 1 (13%) 
Endovascular arterial embolization 2 (7%) 2 (9%) 0 
Postoperative hospital stay, days, median 
(range) 
20 (11-108) 22 (11-108) 19 (13-51) 
a
 mFrey, modified Frey’s procedure; b LPJ, lateral pancreaticojejunostomy 
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Table 4. Long-term results 
 
Late postoperative details Number (%)   
Procedure 
All 
(n=28) 
mFrey
a
  
(n=21) 
LPJ
b
 
(n=7) 
Sustained abdominal pain 1 (3%) 1 (4%) 0 
Hospital readmission 5 (19%) 3 (21%) 2 (28%) 
   Peripancreas abscess 1 (3%) 1 (4%) 0 
   Gastric ulcer 1 (3%) 0 1 (13%) 
   Cholangitis 1 (3%) 1 (4%) 0 
   Infectious pancreatic cyst 2 (6%) 1 (4%) 1 (13%) 
Reoperation 2 (6%)   
   Cystogastrostomy 1 (3%) 1 (4%) 0 
   Drainage 1 (3%) 1 (4%) 0 
Diabetes mellitus 13 (46%) 10 (47%) 3 (42%) 
   Insulin-dependent 6 (21%) 4 (19%) 2 (28%) 
   Oral antidiabetic 7 (25%) 5 (23%) 2 (28%) 
New onset of diabetes 5 (19%) 3 (21%) 2 (28%) 
New onset of insulin-dependent 
diabetes 
1 (3%) 1 (4%) 0 
Pancreatic exocrine insufficiency 6 (19%) 4 (19%) 2 (28%) 
a
 mFrey, modified Frey’s procedure; b LPJ, lateral pancreaticojejunostomy 
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